We have previously demonstrated that diphtheria toxin (DT) fused to human GM-CSF effectively eliminates human longterm leukemia initiating cells in SCID mice. However, because huGM-CSF does not react with the murine GM-CSF receptor possible side-effects to nonleukemic tissues could not be analyzed in the AML/SCID model. To overcome this problem, we used murine GM-CSF fused to DT and studied the therapeutic index in the rat leukemia model BNML/LT12. In DT-mGM-CSF dose escalation experiments, severe dose-dependent toxicity to organs such as liver, kidney and lung was observed. Therefore, the antileukemic effects were evaluated with the lower doses. Daily intraperitoneal bolus injections of 75 g/kg/day for 7 days induced a 3 log leukemic cell kill. The dose of 75 g/kg/day had no effect on the hemopoietic progenitor cell subsets. These in vivo studies show that the DT-GM-CSF fusion protein can be used for specifically targeting leukemic cells and thus has potential as a therapeutic agent in the treatment of AML.
Introduction
Diphtheria toxin (DT) is a potent bacterial toxin, widely used for the construction of fusion proteins. [1] [2] [3] By replacing the binding domain of DT by a growth factor, potential novel therapeutic agents for malignancies have been developed. The toxins are targeted to cell surface receptors expressed by neoplastic cells. After receptor-mediated internalization, toxins are cleaved, which generates active fragments that are competent to translocate across the intracellular membrane from the endocytic vesicles into the cytoplasm. Intoxication of cells is through inhibition of protein synthesis by adenosine diphosphate ribosylation of elongation factor 2. 4 The fusion protein DT-GM-CSF is one of the growth factor toxins currently under investigation for the treatment of myeloid malignancies, in particular acute myeloid leukemia (AML). GM-CSF receptors (GM-CSFR) are found on leukemic cells of more than 80% of patients with AML. 5, 6 We have previously reported that human AML cells with long-term leukemia initiating potential in severe combined immunodeficient (SCID) mice could be eliminated by in vitro or in vivo targeting. 7, 8 The absence of toxicity to the normal progenitor cell compartment, when exposed to the DT-huGM-CSF under similar conditions, suggested an exploitable therapeutic window. Since DT-huGM-CSF used in these studies reacts with human but not with murine cells, 9 the murine tissues were not at risk. Thus, these experiments had a limited predictive value for toxic side-effects of therapy in humans. Non-hemopoietic tissues that express GM-CSFR include placenta, 10 endothelium, 11, 12 and the central nervous system. 13, 14 Expression of GM-CSFR on various non-hemopoietic tumor Correspondence [15] [16] [17] [18] might also be indicative of the presence of GM-CSFR on their normal counterparts.
In the current study we have used the Brown Norway acute myelocytic leukemia (BNML) rat model for AML 19, 20 to study the antileukemic effects of DT fused to murine GM-CSF in direct relation to the bone marrow-specific toxicity and to the systemic toxicity. Murine GM-CSF has 80% nucleotide homology and 70% amino acid homology to rat GM-CSF 21 and is known to be cross-reactive with the rat GM-CSFR on myeloid cells. 13, 22, 23 The affinity of murine GM-CSF for the rat GM-CSF receptor is not known. However, in the rat leukemia model that is used, the GM-CSF receptor on the leukemic cells, on the normal bone marrow cells and on possible other tissues are all of rat origin. Therefore a possible therapeutic window of opportunity can be deduced by comparing specific anti-leukemic effect with specific bone marrow toxicity and systemic toxic side-effects.
Materials and methods

Experimental animals
Brown Norway inbred rats (BN/BiRij) were purchased from Harlan CPB, Zeist, The Netherlands. Female rats 12-14 weeks of age were used (body weight 150-170 g). Animals were bred under specific pathogen-free (SPF) conditions and maintained under clean conventional conditions. F1 (B 6 × CBA) mice were bred in the Central Animal Facility of the Erasmus University, Rotterdam, The Netherlands, and maintained under conventional conditions. All animal experiments have been carried out in accordance with institutional animal research regulations.
The rat leukemia model
The BNML leukemia model as well as the subline LT12, initially named IPC81, 24 have been described in detail elsewhere. 19 Briefly, upon i.v. injection of BNML or LT12 cells the rats develop leukemia. There is a direct correlation between the number of leukemic cells injected and the subsequent survival time. Typically, after injection of 10 6 cells the rats will die from leukemia around day 20. For every 10-fold lower number of injected cells the survival time increases by 2 days. Leukemic cells progressively replace the normal marrow while towards the terminal stage the spleen becomes leukemic and increases 3-to 4-fold in size. From day 17 onwards, leukemic cells are present in the peripheral blood and increase steadily in number. There are only minor differences between the LT12 subline and the parental cell line BNML. Morphology of LT12 cells is slightly more immature and the involvement of spleen and liver with leukemia is somewhat less. Minimal residual disease (MRD) is an operational definition and refers to the outgrowth of leukemia from a low number of leukemic cells, or, as in this situation, to a condition in which treatment is initiated when only few leukemic cells are present in the animals.
Cell lines
The cell lines HL60, P815, BA-F3, 32D, FDC-P1 and CTLL-2 were grown in RPMI 1640 medium (GIBCO, Paisley, UK). The 3T3, J774, MO7e and K562 cell lines were grown in Dulbecco's modified Eagle's medium (GIBCO). Both media were supplemented with 10% (v/v) fetal calf serum (FCS), 2 mM L-glutamine, 100 U/ml penicillin and 100 g/ml streptomycin. Some of these cell lines were growth factor dependent; CTTL-2 cultures were supplemented with 20 U/ml huIL-2 (Biogen, Geneva, Switzerland), FDC-P1 cultures were supplemented with 10% WEHI-3B conditioned medium as a source of mIL-3, and BA-F3 and 32D were supplemented with 10 ng/ml murine IL-3. MO7e culture was supplemented with 5 ng/ml rhuIL-3 (a gift from Gist Brocades, Delft, The Netherlands) and 10% (v/v) 5637 conditioned medium as a source of huGM-CSF. Cultures were maintained at 37°C in a humidified atmosphere of 5% CO 2 in air.
Growth factor toxins
The construction of the chimeric DT-huGM-CSF was described by previously. 25 The construct pRKDTMGM, encoding DT 388 -murine GM-CSF (DT-mGM-CSF) was constructed by ligation of a 0.38 kb NdeI-HindIII fragment encoding the murine GM-CSF into the 4.2 kb NdeI-HindIII fragment of pVCDT1-IL-2. 26 The construct pRKDT388, encoding DT 388 was constructed by blunting and ligation of the 4.2 kb NdeIHindIII fragment of pVCDT1-IL-2. The pRKDT388 encodes amino acids 1-388 of DT, and the amino acids SLNSAANK-ARKEAELAAATLEQ at the C-terminus of DT. Plasmids were expressed in E. coli, and the pure monomeric proteins were purified as described previously, optimized to guarantee endotoxin-free preparations. 27, 28 The proteins used were greater than 95% pure. The ADP ribosylation assay showed a comparable dose-dependent activity for DT-huGM-CSF, DTmGM-CSF and DT 388 proteins. 8 Murine GM-CSF was radiolabeled using the method of Bolton and Hunter 29 and the binding characteristics were determined as previous described. 5, 30 In vitro cytotoxicity assays 3 H-thymidine ( 3 H-TdR) incorporation assays were performed as described. 31 Briefly, cells (2 × 10 4 ) were cultured for 72 h in 96-well round-bottom microtiter plates in 200 l culture medium containing DT-huGM-CSF, DT 388 or DT-mGM-CSF. Eighteen hours before harvesting, 0.1 Ci 3 H-TdR (2 Ci/mmol, Amersham, Essex, UK) was added to each well. Cells were collected using an automatic cell harvester (Skatron, Lier, Norway), and the cell-associated radioactivity was measured in a liquid scintillation counter (Pharmacia-LKB, Bromma, Sweden). In competition experiments an excess of mGM-CSF (2 g/ml; a gift from Behring Werke AG, Marburg, Germany) or huGM-CSF (2 g/ml; a gift from Sandoz BV, Basel, Switzerland) was added simultaneously with DTmGM-CSF or DT-huGM-CSF. All cultures were performed in triplicate. Data are expressed as percentage of control.
Colony assays for the LT12 cell line (CFU-L) were performed as described. 31 The CFU-L was used to determine the exposure time required for DT-mGM-CSF to induce maximal inhibition of colony formation. 0.5 × 10 6 LT12 cells were incubated for the indicated period in 0.5 ml medium with variable doses of DT-mGM-CSF, washed intensively thereafter, and resuspended in complete medium and the number of colony-forming cells were enumerated by performing the CFU-L assay.
Treatment of leukemic and nonleukemic rats with GM-CSF toxins Leukemic rats were obtained by injecting 5 × 10 5 LT12 intravenously (i.v.). On day 3, Alzet mini-osmotic pumps type 2001 (Charles River, Sulzfeld, Germany) were implanted intraperitoneally (i.p.). The pumps released 0.1 l/h for 7 days. The DT-mGM-CSF was diluted in sterile PBS containing 1 mM NAD + as the stabilizing agent. 32 The pumps were removed 10 days after implantation. Alternatively, toxins were administered by repeated i.p. bolus injections. DT-mGM-CSF dilutions were freshly made in PBS and immediately injected.
Quantification of the leukemic cell load in vivo
Exact quantification of the leukemic cell load in bone marrow can be determined by performing limiting dilution assays. Bone marrow cells of three treated or untreated leukemic rats were obtained by flushing the femural shafts with ␣ MEM (GIBCO). The bone marrow cells were cultured in medium without exogenous growth factors in 96-microwell culture dishes. Input values were the equivalent of 500 000 nucleated cells (NC) per well in a volume of 200 l. Twelve to 16 dilutions, three-fold apart, were used for each sample with 24 replicate wells per dilution. The percentage of wells containing at least five leukemic cells was determined after 14 days. When the culture assay was developed it was established that all nonleukemic cells had died at day 14. The frequency of clonogenic leukemic cells was calculated using Poisson statistics as described. 33 
Evaluation of DT-mGM-CSF-related toxicity
Rats that died during the treatment with DT-mGM-CSF were subjected to pathological and further microscopical histological examination. Femur, liver, spleen, heart, kidney, lung, intestines and brain from treated rats were fixed in 4% formalin, paraffin-embedded and 4 m sections were cut and stained with hematoxylin and eosin. The sections were examined by light microscopy for signs of damage to these organs by the treatment with the toxin.
Blood samples were taken during the treatment and collected in heparinized tubes (Sartedt, Nü mbrecht, Germany) as described. 31 Effect of DT-mGM-CSF on normal hemopoietic progenitor and stem cell subsets
To evalute the effects of DT-mGM-CSF on normal bone marrow, nonleukemic rats were treated with a dose of 75 g/kg/day for 7 days by i.p. bolus injections. Bone marrow cells of three treated and three untreated rats were harvested and the number of progenitor cells from the pooled fractions determined. Clonogenic assays (CFU-C), 34, 35 the rat-to-mouse colony-forming unit spleen (CFU-S) assay 36 and the rat cobble stone area-forming cell (CAFC) assay 37 were applied to quantitate progenitor and stem cells of different primitivity.
To determine the effect of continuous exposure of DTmGM-CSF in vitro (CFU-C), cultures from rat bone marow cells were supplemented with 5% IL-3 (supernatant from monkey COS-1 cells transfected with the rat IL-3 gene 37 ), 10 ng/ml recombinant rat SCF (Amgen, Thousand Oaks, CA, USA) and 50 U/ml huM-CSF (Genetics Institute, Cambridge, MA, USA).
Results
Toxicity of DT-mGM-CSF in vitro
First, the toxicity of DT-mGM-CSF towards a variety of human and murine hemopoietic cell lines, known to possess or lack GM-CSF receptors (GM-CSFR) [38] [39] [40] was studied (Table 1) . Because parental LT12 cells express less than 50 GM-CSFR per cell and an ID 50 value for DT-mGM-CSF of 13 ng/ml was found, this ranks the LT12 cell line in the group of low numbers of receptor expression and moderate sensitivity when compared to primary human AML cells. 25 Excess mGM-CSF blocked the cytotoxicity of DT-mGM-CSF, indicating that the toxic effect of the fusion protein was mediated specifically through interaction with the GM-CSFR (data not shown). The murine myeloid cell lines, FDC-P1 and J744, were also sensitive to DT-mGM-CSF; in contrast, DT-huGM-CSF was not cytotoxic for the murine cell lines and for the rat LT12 cell line. In agreement with the species specificity of mGM-CSF, it was found that human myeloid cell lines MO7e and HL60 were not sensitive to DT-mGM-CSF, whereas these cell lines were sensitive to DT-huGM-CSF.
The inhibitory effect of DT-mGM-CSF on the proliferation of LT12 cells in the 3 H-TdR assay was examined in further detail by studying the cell viability and colony-forming ability. Exposure to DT-mGM-CSF resulted in a dose-dependent reduction of viability of LT12 cells as measured with eosin staining (Figure 1a) . Outgrowth of LT12 colonies in semi-solid medium was severely affected. A 5 log reduction of colony formation was observed at a concentration of 1000 ng/ml DTmGM-CSF (Figure 1b) . In contrast, outgrowth of normal CFU-C was reduced only 1 log at this concentration (Figure 1b) .
To establish the time-effect relationship for DT-mGM-CSF to intoxicate LT12 cells, cells were incubated with several dosages of the toxin (10-100-1000 ng/ml) for varying lengths of exposure time. As shown in Figure 1c , we observed a clear correlation between the dose and exposure time in vitro.
Toxicity of DT-mGM-CSF in vivo
To determine the maximal dose of DT-mGM-CSF that could be given to rats, DT-mGM-CSF was administered at dose levels of 50-600 g/kg/day for 7 days ( Table 2 ). Treatment of rats started 3 days after inoculation of leukemic cells as decribed before, 31 in a setting resembling minimal residual disease. To determine the most optimal schedule for administration of DTmGM-CSF, we compared the effect of i.p. osmotic pumps for the continuous delivery of the toxin with daily i.p. injections of the DT-mGM-CSF (Table 2) .
Continuous delivery of DT-mGM-CSF at dose levels of 50 and 100 g/kg/day was well tolerated. At higher doses, mortality increased in a dose-depenent manner. Intraperitoneal bolus injections were given in doses of 50, 75, 100, 150 and 300 g/kg/day. In all groups toxicity-related deaths were observed.
Postmortem examination was performed on animals that died during treatment. Histopathologic examination of rats revealed moderate toxicity of liver, spleen, lungs and kidney. A substantial number of hepatocytes showed vacuolated cytoplasm but no cellular necrosis was observed. At higher doses, i.e. rats receiving 150-600 g/kg/day either by daily bolus injection or by osmotic pump i.p., the spleen architecture was disrupted by a complete depletion of the white and red pulp. Occasionally bleedings were observed in the lungs. Kidneys showed moderate damage of the tubuli. No abnormalities were observed in the heart, intestines or brain. Rats treated by daily bolus injection of 50 or 75 g/kg/day for 7 days of DT-mGM-CSF and euthanized 1 day after the treatment, did not show histopathological abnormalities.
In vivo treatment with DT-mGM-CSF Next, DT-mGM-CSF could be evaluated for its potential therapeutic role in the treatment of leukemia. Because of the severe systemic toxicity of dosages exceeding 100 g/kg/day, we studied the antileukemic effects in the lower dose range (50-100 g/kg/day) by determining the effect on the leukemic cell population in bone marrow from three rats.
Compared to untreated controls a 3 log leukemic cell kill was observed after i.p. bolus injections of 75 g/kg/day given for 7 days. The i.p. bolus injections of 50 g/kg/day resulted in a 1 log cell kill. A 10-to 25-fold reduction was found in the group treated with DT-mGM-CSF when this was delivered continuously at a dose of 50 and 100 g/kg/day for 7 days (Table 3) . To establish the effect of shorter treatment duration, rats were i.p. injected with doses of 75 and 150 g/kg/day for 4 days. The antileukemic effect in the bone marrow compartment was reduced from 3 log to 1 log leukemic cell kill for the 75 g/kg/day treatment compared to the 7 days treatment ( Table 3 ). The higher dose of 150 g/kg/day revealed an antileukemic effect of 3 log leukemic cell reduction. Toxicity to the rats indicated that a 4 day treatment was better tolerated than the 7 day treatment schedule at the 75 g/kg/day dose level (Table 2) .
Rats treated with DT-mGM-CSF by i.p. bolus injections of 75 g/kg/day had a survival time of 23.0 ± 0.4 days (n = 5) which is a significant increase (P = 0.02 Kaplan-Meier survival analysis) of 4 days in comparison with the untreated controls with a survival time of 19.3 ± 0.4 days (n = 13). Based on the cell dose-survival relationship, it could be calculated that an overall reduction of 1.5-2 log in the leukemic cell load was achieved.
Effect of in vivo administration of DT-mGM-CSF on normal hemopoietic progenitors
To determine toxicity on hemopoietic progenitors in the bone marrow, rats were sacrificed 1 day after the treatment with 75 g/kg/day administered by i.p. bolus injections for 7 days (Table 4) . Except in the case of CFU-E, DT-mGM-CSF treatment for 7 days did not lead to a reduction in the number of committed progenitors, ie CFU-GM, BFU-E, or in the number of the more immature progenitors, CFU-S day 8, CFU-S day 12 and CAFC week 2 or in the number of CAFC week 6, which reflect the most primitive hemopoietic progenitor cell type. The number of CFU-E was significantly reduced by 70% accompanied by a reduction of the red blood cells in the mar- Figure 1 (a) The viability of LT12 cells was examined after exposure to DT-mGM-CSF for 2 days (í). Specificity of DT-mGM-CSF was tested with mGM-CSF (᭺) and an excess of mGM-CSF (2 g/ml) added stimultaneously with DT-mGM-CSF (̄). (b) The effect of DT-mGM-CSF on the clonogenic capacity ± s.d. of leukemic (í) and normal bone marrow cells (᭺) measured in clonogenic assays. Cells were continuously exposed to DT-mGM-CSF during the culture period. (c) Effect of exposure time of LT12 cells to various concentrations of DT-mGM-CSF in liquid culture. Cells were incubated with 10 ng/ml (२), 100 ng/ml ( ) and 1000 ng/ml (í). After the indicated incubation time the cells were washed and a CFU-L assay was performed. The number of colonies is expressed as the % of CFU-L ± s.d. of untreated control cells. 3-10)  100  7  17  100  100  100  100  100  86  150  7  5  100  100  40  0  200  7  8  100  50  50  38  25  25  300  7  7  100  29  14  14  0  450  7  3  100  67  33  33  0  600  7  3  100 Pooled data from three experiments. Leukemic rats were treated for 7 or 4 days. Both treatment schedules started at day 3 after inoculation of LT12 cells. Undisturbed leukemia development leads to death on days 19-20, when we inoculated 5 × 10 5 cells per rat on day 0. Treated rats that survived the treatment died between days 20 and 25.
Table 3
Effect of DT-mGM-CSF treatment on leukemia growth in BN rats 1.4 ± 1.5 1.6 ± 1.1 114 CAFC week 2 26 ± 5 6 2 ± 10 238 CAFC week 6 3.4 ± 1.1 2.9 ± 0.5 85 Mean number ± s.d. of progenitors of the pooled bone marrow fractions of three rats are presented. Treatment was for 7 days and the rats were sacrificed on day 8. a
As derived from Table 3 .
row. Histopathologic analysis of the bone marrow in femora revealed an active myelopoiesis with large numbers of myeloid cells, which could possibly explain the relative reduction in erythroid cells from the marrow.
Blood cellularity and chemistry
Besides the effect of DT-mGM-CSF treatment on hemopoietic cells in the bone marrow, we also studied the blood cellularity in the peripheral blood in three previously unsampled individual rats per time-point (Table 5 ). The number of white blood cells (WBC) slowly increased up to 2.5-fold at the end of the treatment period. Differential cell counts were assessed by microscopic evaluation of May-Grü nwald-Giemsa-stained smears of peripheral blood from the treated rats and revealed an increase in neutrophil numbers. The number of red blood cells (RBC) was not affected by treatment but a decrease was observed in animals which were bled before. The drop in platelet numbers at day 10 suggests an effect on thrombopoiesis. Murine GM-CSF is able to differentiate rat CFU-MK into small megakaryocyte colonies, 41 so, DT-mGM-CSF might specifically inhibit thrombopoiesis. However, the effect of DT-mGM-CSF was not studied in a CFU-MK assay. This should be addressed in future studies. Furthermore, blood chemistry revealed a progressive increase in the ALAT, ASAT and AP levels (Table 5) , indicative for liver cell damage. After cessation of treatment the levels returned to normal. Table 5 Effect of DT-mGM-CSF treatment on peripheral blood cellularity and chemistry 
Discussion
In this report we show in vitro and in vivo data indicating that proliferation of rat LT12 cells can be inhibited by DT-mGM-CSF. Seventy percent of AML cases revealed a much higher sensitivity to DT-huGM-CSF than the LT12 cell line to DTmGM-CSF, based on in vitro ID 50 in 3 H-TdR incorporation assays. 25 Therefore, we suggest that the LT12 model represents a moderately sensitive case of AML. An explanation of this moderate sensitivity is found in the fact that the LT12 cell line expresses very low numbers of GM-CSFR, which are not detectable by the available binding techniques. In addition, dose effect titration experiments using the AML/SCID leukemia model indicated that efficient elimination of AML cells was achieved at dose levels as low as 6.25 g/kg/day. 8 However, a comparative evaluation of the systemic toxicity, the bone marrow-specific toxicity and the antileukemic efficacy of DT-mGM-CSF treatment in vivo would enable us to derive a therapeutic ratio.
We compared the continuous administration scheme by means of osmotic pumps placed i.p. for 7 days, with the i.p. bolus injections. Both administration routes were effective but using i.p. bolus injection administration we received a higher leukemia cell kill. In leukemic rats treated with 75 g/kg/day by i.p. injection for 7 days, a substantial antileukemic effect of 3 log leukemic cell kill in the bone marrow was found, but at the expense of 50% lethality. At lower concentrations more animals survived but also a reduced antileukemic effect of the toxin was observed. Thus, the therapeutic window is narrow in this rat leukemia model.
The marginal reduction in the number of CFU-C could be explained by the sensitivity of the CFU-GM and mature myeloid cells at continuous exposure to high concentrations of DT-mGM-CSF. This effect of DT-mGM-CSF on CFU-C was also reported by others. 42 The sensitivity of myeloid cells is not unexpected because mature granulocytes and macrophages express in the order of 1500-2000 GM-CSFR/cell 34, 43, 44 and the committed progenitor CFU-GM 500 receptors/cell. 44 In contrast, the most primitive hemopoietic cells have a low expression or even lack GM-CSFR expression. 34, [44] [45] [46] AML cells express equal numbers of GM-CSFR as do the CFU-GM. 43 Therefore, the difference in sensitivity between the AML cells and the committed CFU-GM is not explained by differences in receptor number. Other factors could be reponsible for the difference in sensitivity, for instance variations in the efficiency of internalization and processing of the recombinant toxin between normal hemopoietic cells and leukemic cells.
At the lower concentrations no effect on the development of CFU-C was observed. In vivo, we observed a leukocytosis in treated rats, which might have been caused by the stimulating effect by the GM-CSF part of the toxin fusion protein, although we cannot exclude that excessive myelopoiesis was induced by inflammation or tissue necrosis induced by the toxin part of the fusion protein.
The sites at risk for side-effects of DT-mGM-CSF are, besides the hemopoietic system, the vasculature and the central nervous system. 12, 13 In this study, histopathologic analysis showed no evidence of cell destruction and therefore the cause of deaths was not elucidated. At lower concentrations no tissue abnormalities were found. Although the elevation of liver enzymes is an indication that to some degree liver damage occurred, only minor morphologic changes were found, unlikely to be the cause of death. The fact that non-hemopoietic malignancies also express GM-CSFR suggests that possibly more malignancies could benefit from the cytotoxic action of this agent. Recently, it has been observed that GM-CSF toxins are highly cytotoxic to gastrointestinal cancer. 47 The relationship between response and pre-existing antibody titers for the recombinant toxins, such as anti-DT, anti DAB 388 GM-CSF or anti-GM-CSF was not investigated. In phase I/II studies with DT 486 -IL-2 contradictory results were reported regarding immunogenicity. While some investigators reported that the presence of circulating antibodies did not have an effect on the antitumor response 47, 48 others reported a negative effect on efficacy. 49 The question whether immunogenicity of DT-huGM-CSF will limit the antileukemic effect of DT-GM-CSF should be addressed in clinical studies.
Considering the fact that, in general, primary AML samples are more sensitive for DT-GM-CSF 7,25 than the rat LT12 cells studies in this model and that other DT-based growth factor toxin fusion proteins, such as DAB 486 -IL-2 49, 50 and DAB 486 -EGF 51 have shown to be safe, tolerable and clinically active in patients, DT-GM-CSF might be a potential new therapeutic agent for the treatment of AML. from the Department of Pathology, Erasmus University, Rotterdam, for performing the histologic examination. We thank Behring Werke AG, Germany for providing the mGM-CSF and Sandoz BV, Basel, Switzerland for providing huGM-CSF.
